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ABSTRACT

Structural tests to verify the acceptability of the Aerojet-General Utility
van as a transport vehicle for second-stage Minuteman operational motors
have been successfully completed. During the tests, the van and tie-downs were
subjected to limit loads to determine stress levels at critical load points and to
measure vehicle deflection and recovery from the downward and side loads

imposed.
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I. INTRODUCTION

To verify the acceptability of the Aerojet-General Utility van as a transport
vehicle for Minuteman second-stage operational motors, the van and motor-
harness tie-downs were subjected to structural tests. These tests were conducted
in conjunction with climatic environmental tests as described in AFBSD-TDR-62-331,

'"High- and Low-Temperature Tests of the Aerojet Utility Van."
II. SUMMARY

The Aerojet Utility van and tie-downs successfully met structural criteria.
The van and tie-downs were subjected to limit loads to determine stress levels
at critical load points and to measure vehicle deflection and recovery from the

downward and sideward loads imposed,.

III. TECHNICAL DISCUSSION

A, TEST UNITS

L. Test Facility

The tests were performed at the structural test facility of the
Aerojet, Sacramento, Solid Rocket Plant. Hydraulic load actuators were used

in the tests and a load factor of 1,0 was equal to 13,000 lb.

2. Aerojet Utility Van and Tie-downs

Aerojet Utility van, model VR-01152A, serial number 372911

(AF 348874), was the test vehicle. The van had been modified in accordance
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III, A, Test Units {.ont.)
with Aerojet drawing T-492674A. Figure | shows the van installed in the test
stand and Figure 2 shows the harness tie-down attached to the Boeing operational

harness.

3. Test Motor and Harness

Minuteman motor 44TR -1, serial number 519578, cast with
propellant simulant, was the test motor. The motor was supported in the van by

a Boeing operational harness, PN 25-18032.

B. INSTRUMENTATION AND DATA RECORDING

i, Eleven biaxial strain gages were located at critical van load
points to determine stress levels (Figures 3 through 5). The strain gages were
Baldwin-Lima-Hamilton type AX-5 gages designed to register strain to 20,000

microin/in.

2. One 50K and two 20K Baldwin-Lima-Hamilton load cells were

used to record applied load.

3. A standard Aerojet balance and calibration unit with Kintel III

BF amplifiers was used to check out the load cells.

4. The recording oscillograph was a Consolidated Electronics
Corp. (CEC) model 5-119P4-36 with CEC-318 galvonometers.,

5. Two horizontal reference datum lines of piano wire were

installed approximately 4 in. below the walls of the van and parallel to the bottom

Page 2
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III, B, Instrumentation and Data Recording (cont.)

of the van for measuring deflection. Preload, at-load, and postload measure-
ments were taken at 12 locations (Figure 6) in Phase 2 of the test and at 14

locations in Phase 3.

6. Two dial gages with 3-~in. stroke indicators were located under
the center of the van to measure deflection at data points 9 and 10 (Figure 6).
Two dial gages with 1/2-in. stroke indicators were located under the rear

axle to measure rear axle deflection.

7. Measurements taken at each of the data points were as follows:
a. Prior to load application.
b. Two minutes after the load had been applied.
c. After removal of the applied load.

C. TEST CONDITIONS
1. General

The Aerojet Utility Van was instrumented and placed in the
test stand as shown in Figures | and 7 for the forward and aft load tests, Phase 1,
which were performed on 20 August 1962. Phase 3, the side-loading test, was
performed 21 August. The motor was then removed from the van and the van
was prepared for the downward-loading test, Phase 2, which was performed

on 28 August.
2. Test Phases
The structural tests were conducted in three phases as follows:

a. Phase |

Page 3
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III, C, Test Conditions (cont.)

With the motor and harness secured in the van to provide
a downward vertical load factor of 1,0, additional forward and aft loads of 2.0
were applied and maintained for 5 min. Figure 8 shows the method of applying
forward and aft loads. Strain-gage measurements were recorded during this

test phase.

b. Phase 2

With the van emptied of the motor and harness, a down-
ward load of 3.0 was applied at the areas of harness wheel contact with the van
rails. The load was applied evenly and simultaneously to the four points of
contact by the hydraulic actuators acting against two beams extending through
the side access doors of the van. The load was maintained for 5 min. Both
strain-gage and deflection measurements were recorded during this test phase.

Figures 9 and 10 show the downward-load test setup.

C. Phase 3

With the motor and harness secured in the van to provide
a downward vertical load factor of 1.0, a side load factor of 1.0 was applied to
act through the center of gravity of the motor. The load was maintained for 5
min. As in Phase 2, deflection and recovery measurements were recorded in
addition to the strain-gage measurements. Figures 11 through 13 show the side-

load test setup.

D. TEST RESULTS

Tables 1 through 4 list the recorded maximum strain for each phase

of the test. Tables 5 and 6 show deflection and recovery data for Phases 2 and 3,
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III, Test Results (cont.)

respectively. Load-vs-time plots for the forward- and aft-load tests of Phase |
are shown in Figures 14 and 15, respectively. Figures 16 and 17 are load-vs-
time plots for Phases 2 and 3, respectively. Appendix A is the Integrated Testing
and Inspection documentation as contained in the Minuteman Engineering and

Inspection Summary (MEIS). Appendix B is the Operations Log for the tests.

First postdeflection measurements taken at the close of Phase 2
differed from the predeflection measurements by approximately 1/2 in. This
difference was caused by the normal loss of air in the air-bag suspension system
during load application. Minimal air loss results in activation of the system's
rotary air-control valve by the mechanical sensing linkage. To obtain correct
postdeflection measurements, the system was bled and repressurized to the

starting pressure.

Appendix C, Structural Analyses Summary Sheet, presents calcula-
tions of stress analyses of the transport tie-down fittings within the van, the
aircraft tie-down fittings outside the van, and the stress analyses of the Aerojet-

designed transport cradles.

IV. CONCLUSIONS

All test objections were achieved. The Aerojet Utility van and motor tie-
downs successfully withstood the load forces applied in the three test phases.
There was no evidence of structural failure or permanent deformation, The van
with tie-downs, therefore, qualifies structurally as an acceptable transport

vehicle for Minuteman second-stage operational motors.
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TAELE 1

Maximum Strains Imposed During Forward-Load Test,
Utility Van Test Phase 1

Functions Maximum Strain (Micro in./in.) Stress 2,
(+) (=) in
S1X 12,87 0 386.1
S1-Z 33.12 0 99346
S2-Xy 185,60 7.25 5568.0
S2-¥x 9.80 T49.70 22149.8(-)
837 LéL.72 0 Lél.7
83-2 168.98 2,84 1689.8
sh=y 2.94 183.75 1837.5(=)
Sh-2 Ls.s7 0 L55.7
S5=X L.29 22,88 686 .14(=)
S5-Y 2,9% 42,92 1287.6(=)
86X 60,06 0 1801.8
Sé-Y 0 153.70 Lé11.0(-)
R-2 Record
S7-Y 0 113,16 1131.6(-)
872 2,80 360 36L.0(=)
88X 21,76 ] 652.8
88-Y 30.36 L.k 910.8
89-X 93.84 0 2815,2
89-<Y 19.65 10.80 2389.5
810-Y 0 8.0 8L4.0(=)
810-2 21,92 0 219,2
S11-X L48.30 1.38 1L49.0
S11-Y 5.48 10.96 328,8(~)

NOTE: ,(4) Indicates upward deflection on the record, (~-) Indicates
Downward deflection,

Table 1 @
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TABLE 2

Maximum Strains Imposed During Aft-Load Test,
Utility Van Test Phase 1

Functions M?ximm Strain (Micro in.{ix)x.) Stress(psi)
+ -
S1-X 0. 8.58 257.4(-)
51-2 0. 37.26 1117.8(~)
S2-XY 0. 337.85 10135.5(=)
S2-¥x 784,00 0 23520.0
S3< 325,60 0 3256.0
S3-2 0 107.25 1072.5(-)
sh-y 91.14 ) 911.h4
sh-2 0 L8.51 LB5.1(-)
S5-X 60.06 0 1801.8
S5-Y 19.24 37.00 1110,0(~)
86X 0 57.20 17160 (=)
Sé=Y 75.40 0 2262,0
R-2 Record

87-Y 0 20,70 207.0(-)
87-Z 33.60 1.40 336.0
S8-X 1.36 17.68 530.4(~)
88-Y 0 17.94 538.2(~)
89X 100.74 0 3022,2
89-Y 22.95 12.15 688.5
510~Y 0 61.61 616.1(~)
S10-2 1.37 16.44 16L4eL4(=)
S11-X 0 67.62 2028.6(-)
S11-y 23.29 13.70 698.7

NOTE: (+) Indicates trace deflection upwards on record. (=) Indicates
Downward deflection,

Table 2
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TABLE 3

Maximum Strains Imposed During Downward-Load Test,

Utility Van Test Phase 2

Functions M?ximum Strain (Micro in./%n.)
+ -)
81-X 0 L6,08
S1-2 18,85 31.90
S2-XY 0 307.34
SZ"H 50.140 0
S3=Y 14,60 33.58
S3-2 No. Calibration Available
sl=Y 221,51 14.30
Sly=z 18,24 L .04
Sg=X 0 4.97
S5-=Y 58,80 19.11
S6-X 0 260,19
S6=Y 79.38 155.82
R-2 Record
S7-Y No Trace on Record
S7-2 12,69 19,74
S8-X 0 26,22
88-Y 14,70 2.94
89X 72,61 0
89‘Y 119.85 11.28
810-Y 6.90 19,32
810-2 0 L5.87
S11-X 20.85 0
S11-Y 0 27.93

Stress (psi)

13 82 o)-lv( "')
957-0(-)

9220.2(~)
1512.0

33508(-)

22l45,1
Lol (-)

2219,1(-)
176L..0

7805.7(~)
L6The6 (=)

197 oh( ‘)

786 .6(-)
La.o

2178.3
3595.5

19302")
)45807 (-)

62545
837.9

NOTE: (+) Indicates upward deflection on the record, (-) Indicates

Downward deflection,

Table 3
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TABLE |

Maximum Strains Imposed During Side-Load Test,
Utility Van Test Phase 3

Function

(+)
S1X 5476
S1=z 0
S2-XY 0
S2-YX 102,48
53-Y 88,80
S3-Z 50.05
sh-=y 172,50
Sh-z L9.50
S5-X 0
S5-Y 36.00
S6=X 66.90
S6-Y Lo.88
ST-Y 99.36
S7-Z 14,00
s8-X 29.92
88~y 39.20
59X 142,80
S9-Y 0
810-Y 0
$10-Z 0
811X 13.60
S11-Y 13.70
NOTE:

(+) Indicates trace deflection upward on record.

downward deflection,

R=-2 Record

Table 4

Maximum Strain (Micro in./in.;

.40
2L.31
21,75
29,28

To40
she3L
12,00
Lg.50
14.70

L.50
62.35
L8.18

107.64
77.0
35.36
30.80

0
29.70
63,00
75.90
29.92
52,06

Stress (psi)

L32.0(-)
729.3(=)
65245(=)
307kl
888.0
sL3eL(=)
1725.0
Lgs.0

L .o(-)
1080,0(-)
1870.5(=)
1hs4(-)

1076..4(-)
770.0(=)
1060.8(-)
1176.0
L28L.0
891,0
630,0(<)
759.0(-)
897.6(~)
1561.8(-)

(=) Indicates
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TABLE 5

Defelection and Recovery Measurements, Phase 2,
Utility Van Test®

LOCATION PRE_LOAD AT LOAD POST LOAD
1l L.062 L.O L.o
2 L.562 3.75 L.312
3 L.312 3.625 L.562
L L.312 3.375 L.562
5 L.L37 3.562 k.75
6 L.187 3.50 L.50
7 L.00 3.50 L.062
8 3.75 3.625 L.68
9 000 637 .25
10 +000 879 .25
1 .000 355 .039
12 »000 u67 0625
Kkt Bag Press 254 90 30#
Lt Bag Press 20# T0¢ 17#

# Measurements, in inches, show variations between van sub-frame and
reference datum lines

Table 5 ALNSJEY
SINERAL
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TABLE 6

Defelection and lecovery leasurements, Phase 3,
Utility Van Test¥

LOCATION PRE_LOAD AT_LOAD POST LOAD
1 L.b2 7.625 .50
2 L.73 7.75 L.81
3 5.06 7.93 5.12
L 5.50 8.125 5.43
5 L.72 3.109 5.68
6 5.12 2,84 5.12
7 5.75 2,75 .68
8 k.25 2,67 k.25
9 0.0955 0.25 0.810
10 0,094 0.07 0.356
11 9.0 7.75 8.93
12 9.0 7.875 8.68
13 0,07k 0.310 0,124
i 0,073 0.201 0,082
Rt Bag Press 754 of 6of
Lt Bag Press 5¢ 20# 65#

# licosurements, in inches, show variaticns between van sub-frome and
reference datum lines

Table 6
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Figure 1

Aerojet Utility Van in Test Stand
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Figure 7

Forward View of Utility Van in Test Stand
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Method of Applying Forward and Aft Loads

Figure 8
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Load vs Time, Downward-Load Test
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APPENDIX A

DOCUMENTATION OF TESTING

AND INSPECTION



W\\N\M&N\ ST cancnse

SOBUNL)- LOFNOIAIE T~ \\\G

g\\ﬁh‘u .

LaNn,

\W@%Qﬁ o

sedueyn 3utassutiuy of

v g | s SIONVHD ANVWWNS NOLLDIISNI - SIONVHD NOUONUISNI ONIEEINIONE
[L2LE 46otE /S TVeaTI~uA ‘uep A3TTTIN
VISL Ueld 389] reonss GLG6TG 'ON Twnas THI-T ON Meona
%uwmuuw Ue[, A3TTIAN DOV JO UOTRE0TJIde) Teanjonnyg  Jull
ue TIT - -
T Tl e e 1 (Q¥0)3Y ININNVI G3IVY9IINI
R g NVWILNNIW
T /1 - 29 8uy 02 19-IH ot 4nvd .o.i“h:-wa..o&oo dﬂnqiﬁﬂlq 1DO¥ anos
‘ON_ S 39vd uva ‘ON _SEW 3000 -~ Tiotee u%.

Page A-1



*ONTUIENIONT TOUINOD XLTTVID QNV OfIN
=NV'1d NOLLOFJSNI J0 TVAOMAdV FHI FAVH
TIWHS SIAK FHL 30 TOVd HOVE “ONINNVId

NOILLOZJSNI 18 TIAO¥dV SI ‘2€0-€S0
~¢ 0DV (YJIN) FDVd HIACO SSIINN NOIL
-nAdSNI Xd @3Sn 39 ION TIWHS QNV (XITVA
ION SI ONINNVIJ GALVMDAINI SIHL TLON

k07730 uopzaedsur (1) ouo swyy 03 Bwpm
~uwyd pereaBayuy Pe3eTduod pIBAIOS °¢

‘A POTIduoo ST 3T ¢ Lremms STY}
JO OF3STIjeRIEqd Yowe Jjo dwns °g

*Zey aoTeARI} Z-2EN60T-€
0OV Jo/pwe 2=4€N-60T-€ DDV WO SWOTY
~waedo pajwrea Jyo dweys pue ejeq °T

FORVLJED0V NOLLOASNI 4O NOILVOLIGNI

*gIVIIOqwM 93NITI8
qus pue sjuade Juppuoq ‘sydtea ‘seamsy
~uloduey ‘semyy amo ‘seamssead s yons
pesn STTJIS}en Sy} X0/pue epoyjau eul
epniou} PINOYs UOTIEWIOJUT STUL *Lowue

~dexosTp oy Jo uoradrassep 93e7dwmod
% aAyd 03 Lyeseeosu ST 38y} UWOTIW
~20JuUT oY} °Y°I OY3 UO PIOOSY “WMTODd
OIeusd 8y} UL JOQquU £ PJodex pus
*y°I ue SAETITUT ‘YITA paTdmod jou ST
Aremms STy} JO 9TISTI00BIRYD ¥ UMM

*paxfabex

guogyezado uarInd J0 snotaexd Jo uotyIsodsTp

uopyoadsul  °(##) NSTIVRS® STQNOP B YITA PRI
sqdeBexed Y3t Surpescoxd exojeq worjoedsur LJTION  °N

*quemyxedeq

Toruo) £35rend TeIeuep-3aforsy Y3 01 peplenro]

9q uey3 TTTA SITH PejeTdwoo ayl °popracad

oouds ayy uy amwudys ety Ardde TTwYs Ieeurdus
489} poudysse oq3 3erdwod eF SIAW &yl UeuM  °¢

*paysenbar

se ejep parnbax ayj 3uypaooax Jo daoxs

padesTe 9q SITW 943 TTEYS 96wd OuU UL  *)UT AOW(Qq

A UOTYS®J STQT3eY © UT apw 3q PTMOYS HJIW

ayy uo seTJIua TIV °Jaeutdua 3893 JueeTud0d

yy £q parerITUT oq TTWM seduvyl °HJIN 3} U0

pwu 8q TTTA SITH Y3 UT PSUTEIUOD SqUMAIINbaY
Butyisal 04 SUOTsTAax ‘uorjerado Temjoe Bupxng  °2

*popyraoad ummroo Y3 Uy
STeTATUT sTy Ardde TTeys SURTOTUYDQ] JO Jeautdug 353
peultese ayj ‘SIAW ay3 Jo suoTjonIjsul Burreauyduy

oy} uy pesorosTp deqs yows Jo uoTIATdWOd J8AJV  °T

“T-uInn CON ENISNE

2961 3sndny /T
Vg EnssI

WOLOFISNI /Y
RV v i.thﬂ ANVIONS NOLIOHASNI s SWOLLOMEISNI ONIVHENIONE
) py——
AL B UYNNAS NOILIIJSNI ANV ININIINIING

NYNILANIN

* 1V OLNENVEOVS INVId LOXO0M G108

*qICO TVEINED 18l ONEV

Page A-2



TenstTA

:poy3eK

*YdIH Uo PeISTL UOTSTASY
0 J94948] aduey) ‘IBqUMU YT

spuodsealoo pasn sedualsyel TIV 0°2

144
AU

N2

Y24

Az
A2ms

*2£09T-52 N/d “sssurey Tewworjeredp Bupeog  2°¢

*gLS6TS N/S ‘T-ulmm
f10q0i umiayuT e8wyS puz LU Uw ST

J33a0dsueyy oYy UT PoTT¥ISUl  *HAIN Payowije

oq) uo pafJyroeds oq 03 N/S °NI926M-L
‘aanrodsues] uwanuTy 88w3s puz 0OV 1°€

paise] oq 03 swoyl
“HJIK PoydwIye

JO T 83wd YaTmM @0U¥PIODO® UT saumpadoxd pue
A suotrvorstosds ‘symrens “sBupavap aTqeoTTddy  N*2

*0T199€=-(009)€E AV 03 WIVS

°0 °1 03 29T# UOTIeOTJTI0U aduwyd 198I3U0) €°2

*xoq0m ,Mfh
‘yaodsuwa] ‘zervexy ‘VNI96f~l Bummeaq 2°2

*UOTSTAT] UWNOINUTH 00V ‘VISL UwId 3831 T1°2
paxyubay saduareyay

*oen Twuotyexedo

J0J (uep £37[TA1) Xojodsuel] UWMEITKITH
e3w3s puz 43} Jo uoTIwOTJITenb 0 Jotad
‘speoy 3WT Jepun juemdinbe umop-aiy pue
ueA £3TETIN 8y Jo £1T80auT Teamjonne
ayy £JTIea 04 Lresseoeu sjuauaxpnbex

uotyoedeur pue JupIesutduy oy} SI3A0D Lrvwmmg
uoyyoedsul puer Sulsseutdug usmenUTH STYL T°T

0°¢

0°e

0’1

el e AYVIBNNS NOLLOBZSNT L SNOLLONWISNT SNTVEHNIONE
2961 3sn3ny L1 N9~ Tor ANVINNNS
T 40 gz Eovd LW FNSS T *oN sTan | H€a0O NOILO3dSNI ONV ONINIINIONI NVNILNNWN

209-250-€ 0OV

@:7

Page A-3



g 3 (S paooey M PLEZTEws FTR TTTTS
eoge 5| | ws am seadaennenn BTTIOS 0 2 4/S W TS
’ Jo N/d I9jq0dsuery LFyraes T*T°TI°T°S besv *squsuodwos Jo worydadsut TeTaWI T°T°S

*suorjeredadd 3183]-oxd T°S

peru ﬁ sjusmestubey Futresutduy  0°S
N1y *pesynbex se $Y003 puwy sWOSUR[TSTH WM
E\«F *paggnbex se eyderBoTTLos0 €T°N
Frz *ee8ed utexys XSV odAL H~T-d (TT) ueasT¥ TN
W *oTnI soTuwqo TI°Y
\&@ (o138 ,€) SIOIOTPUT TeIP °we Z OT°N
) »N\S *waysds Ayddns oyrnexpdy  6°N
9 vy TonE ey YINPS AMIL 970
ﬁw\@ +£85V T¥PXY-OUOH H-T-d 0§ °®3 % L
A4y | 5030V OTIREIPA PITTOIM0I-0ATSS JOZ *¥d 2 9°N
A 4 | 01en30Y OTTNRIPAY PaTTOIIU0~0ALag HOS *®8 T §°f
Niy TT90 PeoT 0§ *®8 T  W°N
2% TTe0 PeoT Yoz °*®d@ ¢ €°N
vz § (sxeydepe Jurpeor opYS) LYNOEM-I  2°N
N7 %y (am3xTJ 3uTpwol otsed) O9NOLM=I T°N

7 pextnbey quewdinby 359l 0°f

H-Jx“.‘ lhnw ANVISNS NOLIOHASNI ..mﬂn SNOLLONWISNI ONTVHENIONE
. 2961 3sn3ny LT No=IH Tot AMYNNNS
40 ¢ ®wd WV ENSST *ON STEN | E0mO NOILO3J4SNt ONV SNINIINIONI NYINILNNIN

209-250-€ 00V

Page A-4

@



(°paapnbex JT yosyas

Tensyy  :poyyey
*VIS. U¥ld 3s9]
xod perTE3sUT saded urexys T°T1°2°T°S

TenSTA  :poyjol
*poTre}sut LoTamoos
axe squsuodmos Tre LJTIep N°T°T°S

[eNSTA :pOoulal
*UOTELIOFAp JO aFeurep
TeotsAyd juaxedde Lue jo sexJ
‘sgeurel] pue ‘uep ‘a0j0N Z°T°T°S

) (RS
@L . A%- ﬁaﬂﬁg :poUIsH

*QLS6TS N/S  T=uImn
ST Jojou 18Ut LJTIap €°T°T°T°S

T 7727777 N/S paoosey

ITENSTA  :POUISH

*2€0g1~492 ST N/d ssaurey

Ny

Hedy

Nord

o

A

v T
oMy

—w—qﬂﬂ: UOTTe0T

pue uoTeudysep
Ten}o% £q Joqumu
eBwi-uTeaie 38TI (°T°2°T°S

*o3ed
qowe Jo uotpjededo
pus UWOTIRIQTT®D

fanouzesties LJTI0A 2°T°2°T°S

*gootTro8xd wexy 389%
rundau ed uoTyeT

-Tw3eut Jo poyjell T°T°2°T°S

*VIS., ueld 389]

Up 30 PITIeO 8% SUOTLIBI0T

9e 8a3v2 utexys (°atnbe Jo)
XSV odAl (TT) Trwsul T°2°T°S

‘uoTRueNnIISUT  2°T°S

*gqutod umop
=973 TT® 3® fpTamoae LJrIep N°T°T°S

*pogsTdmooow

owes uo JJjo Anq woyydedsur

pue (T SuTI) SISW eTqeydecdw

Zad UOTHETTWISUT sseuIwy
/3030 pue umop-9T3 AJTI0A €°TI°T°S

(*eetoundexosTp Lue 38TT)

*ggourvy

puw ‘Ioqj0m ‘uwa Jo wOT)
~Tpuod Teteuad Jo woyjoedsur 2°T°T°S

- im o ||\¢ VINL\
g.ﬁﬂﬂun.dda.m

2100000

Teuotjexado Buteog AJTIep ZTTI°T°S .1&* ssouxey Oovd 2°T°T*T’S
wlr“ﬂ.“< °asN1 XYVWNOS NOLIDHASNI ..mun SNOLLOAMISNI N TNHENIONE
. 2961 3sndny L1 19-IH 10T AHVNNNS
40 | Eovd TWVa gnSSI *ON STEN oo NOLLOIJSNI ANV ONINIINIONI NVINILONWN

209~260-¢ 29V

Page A-5

AERBJEY
[ )
SENERAL



TenSTA :pOU3eN

*oqwp

anp pue ‘N/d ‘N/S paodes
pu® uotjexqrreo arqejdsooe

z-8) va rioympona T2 N/d TERZI N/ §29m0)
- {7 770r0 onag ¥ 2P n/a TR Ty/s
-z #7-77 ompova “S(7Z N/d BHZ N/S
2 F<-77 ayep ong SI95 Nd TVZRY/S preatod

unoq
opTsS

eAwy STTa0 peol AJLIsA N°T°2°1°S

. ﬁ*@é

§

§

2

A

‘spw TOTROIUUOD
aaoes AJraep °*jroddns
Toega YI1JTJ 01 A JewoT M°C°T°S
*aImxXty
soddne [esga YIJTJ TTEISUT
‘arers peoytead 3m ITe
uy uwa JOo pud ar0J JUTPTOH €°€°1°S

*INIXYJ JTsRq JO SUTT
~I9Uue0 UTYITA UeA UOTITSOd 2°C°T°S

*G0z- pue ‘W0z- ‘Z0Z~09NOEN-L
‘aamyxts 3189} dTseq TIMSUT T°€°T°S

*worjeredaxd LH¥TT0Rd €°T°S
f YoZ ‘¥ /8687
# Yoo ° 1828/ \/s anoq
F XL < (F¥ 88 v/s TS
# 305 © O3/7z Nfs prenaxwy

pesn T pwol o
eduex pue N/S ISTI N°T°2°1°S

i
nw ey |Snas *ImN1
STrwam | &NI AYVSUIS NOLIDEISNI = SNOLIOMEISNI ONTWEENISIE
2961 IsmAny LT N9-H Y01 ANVINNNS
T 40 ¢ Ewd WV ENSSI *oN STEN | Ha00 NOILD3dSNI OGNV ONIHIINIONI NYNILONIN

209-250-€ 2OV

Page A-6



_a TensTA  tpowse ) (*Lresseosu JT
cuopyesarres tamdence ow |g|panons wimaTT e ssasdie you merio
. . JeI 280 b Ad
et A.m,.. Juoudynbe BiTpa0oed 1re AJTies g-zeS pIo T v puw ASTAGH °2°S
-2 - (voTaeIMp *088 ST)
s *3uTpwoT JO00T UITh WaysLs
M2y Jo uotyerado Lrojomgsries AJTIep L°2°S
NI4y| "F0IemIOe 01 PAROIUUDD SULL OTIMRIPAH 9°2°S
(*u2T 30d TeaeT wory 9T/13)
*quaIB3TTe 3091300 AJTI0A
N2 4] *epem woTr00uu0s J03EMYOE 0 TTEO PWOT §°2°S
. * S02-09MoE =1
weeq S80J0 UO pPaTIE}SUT
E‘Qrovls.ou OTINRIPAY PITTOXIU0O~0AISE YOS f°2°S
*Asse
Ly 244/} TePCe-omou 03 paqueseR TT20 PWOY W05 €°2°S
*podry
1 uo paTTeIsSUT °Asse TeRXE-ouowm o5 2°2°S
*panbaoy s370q N2-1/T
(n2) &JTx9p  °I0%0W JIBUT JO pud JE
AL uo paTTHISUT ‘TON-09MOEN-1 ‘Podwal T°2°S
q&§ *3180], 3uTpewor] pIeAaIOod 2°¢
1 squaxedde
8T JOW[8 ou TYIM UNYIT]
\3 beoTqeo UMOD-9T} TOyA TIISUl 9°€°T°§
*8)00Tq JUFWIISAT
98I8ASURY) JSUTEdE axe
y 2 (opTeut) Uwa Jo sTOYM LFTI3A S°€°T°S
VIS .
soenen |asnx XYVWANS NOLIDASNI e SHOLIOMMLSNI ONTYHENIONE
2961 asndny L1 19~ IH To1 AHYNNNS
40 9 HEOvd ZLva EnssI *ON STEN Haoo NOLLO3dSNI ONV ONINIINIONI NYNILNNIN

209~250-t 2OV

Page A-7




TenSTA  3poyssy

*93ewep Teoteiyd querwvdde Lue

*gotouedexostp Auw
AOT3Q IST] “UOTIWIOIEP JI0 aIITR]
TeIM}ONI38 JO 3JUSPTA? LAue J0J UBA

~-oz°% Jo eexy sseureq pue ‘uwp ‘JojoN ST°2°§ 1\*!—1 sSuaop-o73 ‘sseutwy ‘Iojow joedsul  GT°2°S
YSWL  S0/Z W[l ™S Oa@/7
*goynurTe
o (S) ®aty X0 PwoT JAT 000°92 aud PIOH MT°2°S
(p=r3) #000°92 (=T3) *S°d o/
*opuodes (§) SRS UTEITA
petrdde aq owAvdo.a SHL ..—o.wbl
Jo 00 wdnoxyy “(H00gz) JAT 000°92
\\g Jo (&d+) pwor premarxoy Lyddv ¢r°2°S
\.§ *Apeax uorymynewnrisul LJyIen 2U°2°S
i £952 roumsvT
(9:3) 6€6€ saamonns
9Sg€ LS
Jeydeasoqoud (&xsqeTeH) 9SQ€ j0efoad
‘ Iad 3108 "Smwwuon (wwyseoN) 609G °*PI00D 389
BT St segouwed exnjotd uotjow LJTIBA OT°2°S | ~peTT3ou useq sawy 0 ‘juesaxd
toydeadoqoyd zed LJTaep :poyjen \\&&\ axw ardoad pejsagequy TI® AJRI®A TI°2°S
UOT}eJUSUISSU
o.nwwv.nmn wmow \N\&\ *fpeax dnjas aunjotd uofjom LJLILA O0T°2°S
J090K
duges s8] *Uo0 T3 BJUSWNIZEUT
) :BUTMOTTOF ou3 Jo 3599 o3 pus ‘arempaey 3899 ‘I0j0m Jupmoys
st Xo1ad uexeq sojoud TTTIS AFTI8A 6°2°S ‘dnyas 1893 ayy Jo sojoud TITIs el £°2°S
- -5 \\\ N\
V1S .
ﬁ ZSNI X¥VINS NOLIOHASNI m.“n SNOLLOMEISNI ONTVHENIONE
2961 3snduy L1 19~ 101 AHVANNS
40 | ®wd Va4 gnSST *ON STEN AW NOILOIJSNI ANV ONINIINIONI NYWILONW

209-250-t 09V

Page A-8



\Q&\Nw

TensSTA  :poyzeN
*g3vuep Teot18Alyd quoaedde Lue
Jo 2017 ssoutey pue ‘wep ‘IoqoH N°€°S

Y

M

Moy
)Y
/8%

(p=t2) fooo’g2

*axsu pPIjoORT-ax
s ArTnjoxeo deyoedeut
~Supy JO WOTITPLYD 3EION

oIe 8pwoT
oq jorm

*gotouvde.ioatp Lue
MOTeq 3STT °UOTIVRIOJOP 40 AINTTR]
TIMONIIS JO aoUAPTAL Lue JOJ UwA puw
‘gunop-o13 ‘ssaurey ‘Ioq0” qoedsul

W $oOT T WEL VWS 00 7C

°*soj
(S) ®aty J03 peol JAT 000°92 43 PTOH

(%13) °s°d 2072
*Spu0dee § UTYITA porrdde aq 03

peoT  °Jojom Jo 99 yBnorqy (A00Z¥)
JqT 000992 Jo pwor e Lddy

*paosyo=-al pue p¥}eTdwod
TT°2°S ydnoays [°2°S swelT AJTdeA

°3897 3xeu BuUFnuT4UOD

n°e°s

£°€°s

2°e’s

T°€*s

(&d) 3sal 3utpeoT IV

a07eq aaoxdde pue wiEp MOTASH 9T°2°S

£°s

dNV1Ss
*dSNI

ANVINNS NOILOHASNI

*LINI

SNOLLONMISNI ONTWHENIONE

40 g ®#5vd

2961 3sndny L1
IV #0SSI

N9-1H
*ON STEN

I0T
g0

. HYNNNS

NOILO3JSNI ONV ONINIINIONI NVINILONIN

209~250~€ 09V

Page A-9



PN Fiﬂuo%ﬁ aad LJTaeA :POYISH

<Y *dnjes {Fh\&\ *fpees sT uoTIMUEANISUT -AJTI0A  6°N°S
sexeueo seanyotd uoyjow AyrIepr geNcg
A *dnqes armjopd
T Jeudexdoqoud Jad £FTaep :pouIsH ¢ W uoTjoW oy} Jo SsauTpeex LFTIap  gUN°S
»7. L] n
25 i ] =9@8 9889 Jo uee} sojoud TTI3® AJTIop 4244 | “dmaes 1893 suy jo sojond TTRS axel  L°N°S
Xz~ P - Noaom [ ob. o
§ unop-aty/ssaurey/I00M Noso=aY 9°N°§

*SIoquou IIJSURI) IOIOF JO

{S«.\fﬁgou puv quewu3TTe AJrren T1°S°N°S

*fgse TeixXw~ouow
0} PPIOSUUOD puUE JOJOM UO PITTEISUT
.\\&\ LonoEn-1 ‘°Lsse 172q pue NToL Burpwor  §°N°S

*T1e9 pwoy 03
§ pejosuuod *fsse Terxw-ouom H-T~d 02z N°N°S

‘iz J0QEN)0®
LA ¥0Z 03 paTqmess® [T PwOT ¥0Z £°N°S

‘puURIs 1893 JeNINY
E€NECOL-1 U0 PITTEISUT J0jenidw

A2 OTINUIPAY POTTOIFUOI~0AISS H0Z  2°TM°S
\k\s *suoTieredesd 3s9-aad T°N°S
L2y (®4) 1sel Buipwor apIs  N°S

*poTIvS TP
Y24] wemdribe 3utpeol A pue a3 TV 9°€"§

*3993
XU 07 paodoxd 03 uaayd Twaoadde pue
/74 Jporetimoo quaminbo Tre o womoadsur  goeg

Page A-10

ﬁ aSNI X¥VINS NOLIOHASNI ..m.”: SNOLIDMELSNI ONTWHENISNE
2961 3snBuy L1 N9-IH 101 AYYINNNS
T 40 6 Eovd HIWQ #0SST *ON STEN HA0 NOILDO3dSNI ANV ONINIINIONI NYWNILNANIN

209-250~€ 29V



2125

N R

<) on S R

RIPad
~

P B §

A 32T [)pcs

yYC,L 0T

PRI T

o

e BRI W w
. ‘b 44
98 §L9 4 2"
m L9 SeL 2k 4
28 ¢ S (y) Pvg ayv
c90" 0. " €L0'@ TV 4/
PRI 7 T Rk
25€ " L0" 2 w09 Ot
vm\N. s ? $560°9 6
sz h L7 7 Sty 8
29t S’z s L
21’5 AL z s 9
§9°S  bw’<  TLTHk S
45 su  e&8L T
z!°S £b ¢ 20°'S €
12 SL¢ gL'V ¢
oSy _ST24 _T¥'¥ I
98811504  PWOT-3V  189]-aiJ  UOTIWI0T
(suerd soUMILISX WOIXZ SUUWIST()
‘a9 Sjucmaanseam Tre 3 T IION
‘usye}
gjusmaInsean UOT00TJe 18N~edd TT°TM°S

15 Q4
‘moTeq
emsgexd Tenjoe 37T  °*.3d 00T-08

03 uyeds uvoysuedsns Fwq-a,v 9JTAIeS OT°N°S

oY
W Gy | ¥vLs *LINI . 1
sheway | "asNI AYWINNS NOLILOHESNI = SNOLLOML.SNT ONTWHENISNE
2961 asnduy L1 no-IH 101 ANVNNNS
T 40 o1 Eovd Vg 8nSSI *ON STEN qamo NOILO3dSNI ONV SnIMIINIONI NYNILONIN

209-250~¢ 09V

Page A-11

AEROJETY



4

*POTIWISUR SUAOP-9T3} ToOUM N°T1°S°S

*9In0ee pPITJTIea

E@ spem du-jooy [esum YT £°1°S°S
X7 1893 ut peuworateod uep  2*1°S°S

*moTeq
sopouedaaostp
348TT J0) °X°0

9q 03} pumoj puw

Ya -2 y aeydeasoqoyd ﬂoxoono UOTATPUOD
. Jod LFyaep Teatsusd uva pue
*dnqes sezowed ‘uotsuadsns JTe
aanqord uopgou LFraap Z°T°T°S°S R\«\\ ‘sTrex ‘upd Bupy 2°T°T°S°S
Jaydeadojoyd ‘e 79.77-9
o aad AFpIeA :pPousey i 5750
& b 3ea *dnjes 3803 Jo ® VLIS uy
AT NV v uexe3 sojoyd TITIS AFTIep T°T°T°S°S |f4uy | ®owq saatare wep T°T°T°5°S
A7 *uoyyoadsut TPTIWI T°1°S°S
i&@ *suopywrwdaoad 3sey~ald T°S°S
x«&\ *389] JutpwoT (XJ) premumoq  §°S
w70~ F
owyyL 0o NV *dmo) 189
*T ouvl gq °*3prd o3 uwea dyys pue
dmes 4893 sTyuUwmeIp ‘LI030wIsTye8
A7% | Sxe gUNS PR LT°H°S JO e3[R ST 6T°N°S
un“ﬂ.“,‘ JSNI INVINOS NOLIOHASNI ..mﬂn SNOLLOMMISNI ONTWHENIONE
2961 3snduy L1 n9-IH 101 AHYANINNS
T dO €T EOVd ZIva 20SSI *ON STEN Ha0o NOILO3dSNI ONV ONINIINIONT NYNILNNIN

209~2ZS0~€ O9Y

Page A-12



&

1Jo1
gy

*sJ0¥n308
03} 83UTT OTINEIPAY TTEISUT 6°T°5°S

quaaaxd 0q)

PES Uyo®a UO pwoT

=-axd pue dnjas
TeOTIUIPY AJTI0A T°Q°T°S°S

ﬁwcﬁvdo.n Tenba=un

o1
Iy

*apTs Yo¥e U0 POTTE}SUT

MO EN0R OFTNERIPAY pue ‘TTao

peo ‘*4sse TeTXe-ouocu o2 8°1°5°S
WJo1
Iy
‘sureaq 20¢= 0} peTquesse
‘10€-09M0E =1 “suwaq
d9j8Ued]} PWOT TeUTPMTBuoT  L°T°S°G
WV

X004

paTTEIsUT
sweaq 3UTPEOT pue STIaYM

\ETSE» 90€= 20€-09MOEM-1 9°T°S°S

*poyet
TUT dn-3ooy UOTIWIUMMIISUT  G°T°5°S

Vg iy | VLS

STeway | asn1 AUVINNS NOLIDEASNI "o SNOLLONMISNI N TWHENIONE
2961 asundny L1 9-1H 101 AHYANNS
T do T Evd WLVA HNSSI *oN sTan | @aoo NOILLO3J4SNI ONV ONINIINIONI NYW3ILNNIN

209-250~€ 29Y

Page A-13



/GEA

\

TensTA

:poy3aN

*a3ewep Teotsfyd gquoaedde Lus

30 9837 sssuxey pue ‘uwp ‘aojon Lrq°s| A

‘“\

K24
(

#?%
75

prv

A2y

*paysTTdmoooe saATI00(q0

4897 TT® UFe1Ie08® puw w3wp AGTASH QTI°N°S

*gatouedagzosyp Luw 3871
SUOTIWEICJOP 10 SIUTTeJ TeINIONIE
Jo aouaptTad Mue JOJ uea pue
‘sumop-914 ‘ssouxwy ‘xojou goadsur LTINS
*TI*N°S Ut PIodsI

PUR SjuUsWSINSBAW AISA0D3X aNB]

*omyy woy3aTdwod 0s /7
*saynupn
(S) 9ATJ Is1Jw PEOT oy} eewSTHY

9T°1°S

18 i
*IT°N°S UT PIOO3X [Ue

squUIWeINSEaW UOTR03TJOp Uea o€}
PeOT 5T1E38 JO SoqnuTm () OM} I93JV

caurty I8} SHT?
*goqruTw 9ATJS
203 peoT 3pIs JQT 000°€T U3 PTOH

1) #00°CT 47/ (W) *s'd g /]
*spuodas (G) aatTy umnTa Lrddv  °0o

Joj0m ydnoayy *(400T3) AL 000°€T
J0 (®4~) peor epTe Arddy

ments

€T n°s

s

VIS
*dSNI

Va aNv
ST

A¥VWRNS NOLIOHASNI

*LINI

SNOLLONMISNI ONTVHENIONA

40 2T ®Wd

2961 3sudny U1
HIVg HASSI

19-IH
*ON STEW

10T
€GO

AHVANNS
NOILO3JSNI ANV ONIHNIINIONI NVN3LONIN

209~260~¢ 29V

AbMOJET

Page A-14



. Lo 209’
o 57907 . 2° y orxv
oS 450" .Mw ma 205 4w Ot
ST /59 2297 pened 6
hNQ r9 i 1 MN € W
w“n* h“nﬂ -h- 0“.‘

299%  oe  uglth 9
0S'H z95'€ LER'F &
seh o Cees EH "
799 '$ e LR 4 €
tI9 e §7) . 2
2rs SLE ZISH T

2°¥ o0'p z90'¥

3sel-1804 PeOT-3V 1sol-a1d UOT3 %30T

(eouaxazox wolJ oURIST()
Teq PMOO3Y °SJUIESINSLoN
iﬁ\ﬁs uoT30eTJop Isey-axd eNeL 9TT°S°S
q el
-1 °saxd Tenjow prooes -
#24f| 001-0g 01 #Bea-ate soTazes SI'T'S°S
S betsTa0u a0 quesead
@L«ﬁ& posaIuUT TTe LJTIeA MI°T°S°S
.bg
W2y uoTjeueNMIISUT AFTI0A  €T°T°S°S
NIy cApeex dmes otaom AyTaer TU'T’S°S
*dnyes 989}
474 o Jo sojoud TTMS ox®l TII°S°S
*9pI8 yaes v 9jux Buypewor
Tenba “josyo TwuOTINMY
Moyl omssead-mT &g ‘Lres OT'TS°S
soewans |- asx AAVIONNS NOLIDFASNI o SNOLLOAWISNI ENTWHENISNT
2961 asn3ny L1 79-IH 101 AHNYWNNS
T 4O ST Hovd VA ANSSI *ON STHN 7AW NOLLO3JSNI ANV ONINIINIONI NYWILNNIN

209-260~€ 29Y

@

Page A-15



£C-% |5

TEenSTA *poyzsy
9feurep Teorsfuyd quaaedde Lue jo
@exy ssauxel pue ‘uep ‘x0q0) 5°2°S5°S

*moTaq satousdaxosyp

48T °UOTIWmIOJap

JO SINTTeJ TEINJONIFE

a0UapPTAd JOF *0%9 ‘J0OTJ

fsIoquan TRIN}ONIYE ‘sTTex
A uea Jo uOT3TPUOD joedsul  §°2°S°S

om.H‘Hom'm uT pI0d53al pue
Vo

fsquawaanseou Lraasooex el N°2°S5°S

sarfy *dwod (¢ ¢/

*seymrp (S)
H74]  OAT Ioww pROT emesTal  (°2°5°S

.mcﬁ.ﬁ.m.m
*eyed Ul SUOTIONTIOD
Area pIOdax ‘pwoT OT3Me

.\N& Jo soynum (2) omy IJV  2°2°S°S

* g P
(S) Ay I07 pwol PTOH
(ewr3) #000°6€E (m13) *s*d¢hE/

*J01¥M08 YOouwd 3®
JqT 005°6T ST 8L :HION

*gTa9yn ssouIey

poyvTaTe o) &3 ydnoapy

‘spuodse (S) AT UTEITM

‘(#00€3) QT 000°6€ JO
§ peoT (x4) presumop ATddy  T°2°S°S

Y24 393 3urpeo] premusod  2°S°S
el e X¥VINNS NOLIOFASNI L SNOLLONWLSNT SN IWHENISNE
2961 3Isndny L1 N9-3H 10T AHVANNS
40 9T HOvd HIVa #NSSI *ON STHM | HG0O NOILO3JdSNI ANV ONIYIINIONI NVWNILONIN

209~250-¢ 29V

@

Page A-16



8¢ -5

Petat)
e

YdIW pue SIFK MSTASY :POYIdN
cuotqoadsut £q 9jaTdwod usaq
sA®y S9T98TIeq0eIRyD Jurpedsexd IV L°*S

Moty
ey
H2Y

#24

224

*qdeg Buryse] TwIUMMIOITAUY
JoUTAUT 1889,

Jﬂi\@ WYy

“HdIN P3yoelj}e pu® SIHW STY3} pue
VISL usld 3e9] Jed paysyrdwoooe Jutysey TIV  @°S

*330 pauBys
PUe y3Ta PaTTdwod SIFH STY3 U0 s8TIjua TIV  L°S

*paggedex
uURA JO 3pTS UY §8TOY ssadde (1) Inog syl 9°§

*uotTionpsy ®BIEQ
0} papIeado] pue PITITIUIPT SAIYS
wjep pue sprooar ydeadorTToso LTIV €°S°S

*dnjes 3593 STUBUSTD
¢£20908J8TIRS 3IR 9°2°G°S
puR G°2°G*G Jo syImeex JI  L°2°S°S

*paysTrdwoooe
saA13109{qo 3893 TT®
uTelJIadse pUE V3EP M3TAT  9°2°S°S

*dSNI

AUWINNS NOLLOHJSNI

*LINI

SNOLLOMULSNI ONIVHENISNE

d0 [T Hwd

2961 asndny L1 R9-IH
HIVad gnSSI "ON STEN

10T
g000

AUVNNNS
NOILO3dSNI NV ONIHI3INIONI NVNILONIN

209-250—¢ OOV

@

Page A-17



ueTd IO PTIOS
*qdaq Sutysel TIUKKIOITAUY
uoT399g 3uTyse] TYIUSWMUIOITAUY
JosTaAdedng wOT3008

s

£g peasaddy

Toour g A JuBld 39004 PFIOS

. *3dag Burysel [wIUMLOITAUT

Jadeuwy weddolxd
TOIUSMTMOITAUY USRI

YOS wm. *p
7 PV
g e

£g ua33TIM
Sovwe | e ANVIONIS NOLLDAISNI o SNOLLONWISNI ONTWHENIONE
2961 asn3ny LT n9~-I 101 AYYNNNS
T8, 40 gT EOvd HIVa 8NSST *ON S$THN HAW NOILO3JdSNI ANV ONIMIINIONI NVYNILNNIN -

209-250~¢€ 29V

@

Page A-18




Report No. 0162-01TN-62-20

APPENDIX B

OPERATIONS LOG



ST Form 1013 Rev 2 TEST OPERATIONS

Aerojet -General MOTOR LOG OF TIME VS OPERATION il
Corporation, SRP w.0. NO. E-00488
- STRUCTURAL VERIFICATION
AGC 3-128-631 TYPE OF TEST
C.R. NO,_ TEST ENGINEER W, D, Hulse
PROGRAM _ MINUTEMAN TEST SERTES MM2=QZ-025-STOL smer _ 1 or 1]
TEST SPECIMEN Utility Van VR-1152A
[m—
DATE TIME OPERAT ION

8-10-62 | 2330 Van arrived SRPTA for structural testing,
8-13-62 | 1800 Strain gage installation started.

24,00 Strain gage installation complete,

8-14-62 | 1400 Van moved inte test position., Mechanical setup started.
8-20-62 | 1800 Mechanical setup complete,

2100 Phase I-A test conducted - forward loading.

2200 Phase I-B test conducted - aft loading., Side loading hardware
_installation started.

’8-21-62 1000 Side loading hardware installation completed.

1145 Phase 3 test conducted,

1300 Removal of hardware begun,

1900 Van left SRPTA for motor removal at L8L1,

8-22-62 | 0900 Van returns,

1600 Hardware and plumbing installed,
1900 Brake accumlator tank over-pressurized and destroyed.
Test detained awaiting repair,

8-27-62 | 1600 Temporary system installed to pressurize air bags.
8-28-62 | 1200 Hydraulic system set up.

1345 | Phase 2 of test conducted,

1500 Removal of hardware begun,

8-29-62 | 1500 Van returned to gate #1.
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